BACKGROUND: Unplanned extubations can lead to iatrogenic injury and have the potential to contribute to serious safety events. We adopted lean methodology to reduce the unplanned extubation rate in a Level 3b NICU. We hypothesized that the use of a rapid-cycle PDSA (plan, do, study, act) initiative would reduce the unplanned extubation rate. METHODS: Baseline unplanned extubation data were collected from November 1, 2012 to June 6, 2014. A voice of the customer survey ascertained perceptions regarding unplanned extubation causes and impact on care. The confidential survey contained 2 open-ended and 4 closed-ended questions and was distributed to a random sample of nurses and respiratory therapists. A fishbone diagram helped to identify opportunities. Six improvements were identified and rolled out in 2 phases using didactic and kinesthetic techniques. Phase 1 standardized the process for turning intubated infants, assessing endotracheal tube (ETT) placement with growth, and communicating tube position with caregivers. Phase 2 addressed respiratory plans of care, correcting ETT migration, establishing ETT re-securement methods, and standardizing position during radiography. The Fisher exact test was used to determine differences in the number of unplanned extubations per 100 intubated days. Descriptive statistics were used to report survey results. Statistical significance was established at P < .05. RESULTS: A 68% (17 of 25) survey response rate was realized. Baseline data revealed 3.8 unplanned extubations/100 intubated days, and 2.7 unplanned extubations/100 intubated days occurred in the post-improvement phase (P ‫؍‬ .01). We noted a statistically significant decrease in the number of intubated days between the pre-and post-improvement groups (P < .001). CONCLUSIONS: Staff underestimated the prevalence of unplanned extubations but recognized the need for improvement. Rapid cycle PDSA significantly reduced the unplanned extubation rate. The decrease in intubated days may have been a by-product of the post-improvement phase improvements, which encouraged practice changes.
Introduction
Invasive ventilatory support is common in premature infants admitted to the NICU. A myriad of conditions require assisted ventilation, which, the literature reports, improves mortality in premature infants. 1 However, intubation and mechanical ventilatory support are interventions that carry risk. Unplanned device removal is one of the more serious risks associated with invasive ventilation. Unplanned extubations are the fourth most common safety event that occurs in North American NICUs. 2 Unplanned extubations can lead to iatrogenic injury and have the potential to contribute to serious safety events. 3 Health-care organizations focus on reducing the number of preventable safety events by implementing programs or process improvement initiatives. Historically, our Level 3 B NICU experienced a high occurrence of unplanned endotracheal tube (ETT) removals. As a result, our NICU staff accepted this as an unpreventable event.
The literature reports the short-and long-term adverse effects associated with unplanned extubation and the subsequent re-intubation. These include cardiopulmonary deterioration; ventilator-associated pneumonia; hypoxemia; hypercarbia; trauma to the larynx, pharynx, and trachea; and subglottic stenosis. [3] [4] [5] Patients admitted to the NICU are at particularly high risk for an unplanned extubation, due to many factors. The process of securing an ETT and avoiding malposition is challenging in premature and micropremature infants. Specifically, the diameter of the ETT, 2.5-4.0 mm, and the surface area of the infant's face required to affix the tube are small, and the infant's skin is fragile. Infants are often cared for in a high-humidity temperature-controlled Isolette. This warm and moist environment reduces the adhesiveness of the tape or commercial securing devices. Malpositioning can easily occur due to the extremely short length of the trachea and patient movement, which is often not restricted, since the practice in most NICUs is to limit the amount of sedation used. 6 Patient movement also includes frequent repositioning and removal of the infant from the Isolette to parent arms for bonding and kangaroo care.
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There is currently no nationally accepted benchmark for the number of acceptable unplanned extubations in the NICU; however, in 2012, the Vermont Oxford Network suggested 2 unplanned extubations/100 intubated days should be the highest acceptable rate. 4 The purpose of this study was to use lean methodology to evaluate the effect of a process improvement initiative on the unplanned extubation rate in a Level 3B NICU. We hypothesized that the use of a rapid-cycle PDSA (plan, do, study, act) initiative would reduce the unplanned extubation rate.
Methods
Baseline unplanned extubation data, including date, time, and description of event, were collected from November 1, 2012 to June 6, 2014 from the hospital safety event reporting system (Midas 2012.1.6, Midasϩ Solutions, Tucson, Arizona). An unplanned extubation was defined as the removal of an ETT without the order of a licensed provider. All intubated infants in the Level 3B NICU at Akron Children's Hospital Mahoning Valley were included in this study.
A voice of the customer survey was used to ascertain staff perceptions regarding unplanned extubation causes and impact on care. This voice of the customer survey assessed the staff's readiness for change and identified what the staff valued. A fundamental principle in lean methodology is to understand value. Value is defined by the downstream customer of a product or service. As an integral part of any project that uses the concepts of Lean and Six Sigma, it is important to understand what is valued or critical to quality for our internal and external customers. We call this obtaining the "voice of the customer." 7 The anonymous and confidential survey contained 2 open-ended and 4 closed-ended questions and was distributed to a random sample of registered nurses (RNs) and respiratory therapists (RTs).
A multidisciplinary team, consisting of 4 RNs, 4 RTs, a neonatal nurse practitioner, and a neonatologist used lean methodology to draft a fishbone diagram or tool used to identify sources of defects. 8 A facilitated brainstorming session as used to identify the potential cause of unplanned extubations. Figure 1 shows the fishbone diagram the team constructed to identify potential causes for unplanned extubation or our opportunities for improvement. Data for the pre-improvement phase were collected from November 2012 through May 2014. Data were collected on a random subset of the subjects (n ϭ 19) identified as having an unplanned extubation event during the aforementioned data collection period. A random number generator was used to create the list, from which the subjects were selected. Information obtained from randomly selected subjects included weight, time of last ETT placement documentation, ETT location before and after the unplanned extubation, use of radiography after the unplanned extubation, use of sedation, and RN and RT staffing. Data from this data set were used to assist the team in constructing the fishbone diagram and to determine key areas for focused improvements.
An ease impact chart was used to identify the improvements that were believed to be quick fixes and perceived to make the most impact. This resulted in the recognition of 6 improvements. These improvements were implemented in 2 phases over a 2-month period using didactic and kinesthetic techniques. The 2-phase approach was used to avoid overwhelming and/or confusing the staff. Visual cues were placed on all mechanical ventilators to reinforce information provided to staff in the didactic sessions. Since staff work 12-h
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Current knowledge
The literature clearly defines a myriad of the possible complications that can result from an unplanned extubation. There is very little evidence to support any one measure that improves the unplanned extubation rate.
What this paper contributes to our knowledge
Lean methodology was used to select high impact improvements to aid in the reduction of unplanned extubations. A statistically significant reduction in unplanned extubations was seen in the post-improvement phase of this study.
shifts, this stepped approach provided time for integration of the improvements with all staff, including those who work part time and per diem. The first phase was instituted on June 14, 2014 and included the following improvements. (1) A standardized process for turning intubated infants was adopted. All infants with an ETT required the use of 2 caregivers for any activity that required turning the head. One caregiver's sole responsibility was holding the ETT at the lip to ensure that the movement did not change the ETT position. (2) Weekly assessment of ETT placement with growth was implemented. Evaluation of ETT placement and growth, or weight gain, was addressed every Monday during family-centered rounds. The process commenced with the RT presenting the date of the last chest radiograph, the location of the ETT on film, and the current position of the ETT. The licensed provider reported the infant's weight gain from the past week. Based on the aforementioned information, the clinical team discussed the need to advance the ETT. The decision to reposition the ETT was based on Neonatal Resuscitation Program Guidelines for weight and ETT placement. 9 Repositioning occurred immediately after the clinical team convened a decision and reduced the use of chest radiography in the decision making process. (3) Direct caregiver communication regarding tube position was addressed. This improvement resulted in the RN and RT performing their first patient assessment simultaneously, so ETT position could be discussed and evaluated as a team.
Phase 2 commenced on July 11, 2014 and addressed the following. (1) A process for addressing ETT migration was implemented. The respiratory and nursing staffs were asked to identify and investigate any small change in the ETT position, even if there was no change in the patient's condition. (2) ETT re-securement was addressed. A standardized taping method was already in place; however, RNs and RTs were asked to assess the integrity of the tape together. (3) Head position during radiologic studies was standardized, and RTs were required to hold for all films on intubated patients, not just those designated for ETT placement. General information on how positioning of the head during a film affects ETT movement was also provided to staff.
In the control phase of this project, all unplanned extubations triggered a chart review. The key components of care and opportunities for improvement on each case were presented in detail to the NICU multidisciplinary quality improvement committee monthly. Feedback was also provided to staff members involved in the direct care of infants with an unplanned extubation regarding areas for improvement. The Fisher exact test was used to determine differences in the number of unplanned extubations per 100 intubated days and sex differences in the pre-and post-improvement groups. t tests determined differences in the patient population in the pre-and post-improvement phases. Descriptive statistics were used to report survey results. Statistical significance was established at P Ͻ .05.
Results
Our voice of the customer survey response rate was 68% (17 of 25) ( Table 1) . A random sample of subjects (n ϭ 19) during the 19-month pre-improvement phase revealed that 74% (n ϭ 14) of those needing re-intubation required the ETT to be advanced within the trachea, and 26% (n ϭ 5) of this subset were successfully maintained on noninvasive ventilation. Unplanned extubations in the post-improvement phase occurred in 7 subjects, which resulted in a statistically significant improvement in the rate of unplanned extubations (P ϭ .01) (Fig. 2) . The mean age of neonates in the post-improvement group was less than in the pre-improvement group (P ϭ .009) ( Table 2 ). No 
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Discussion
This project was initiated with a voice of the customer survey to assess cultural readiness for change. During the define phase of this process improvement, the NICU moved from an open bay design to private rooms. The walking distance between patients and the size of the new singlepatient room NICU (4 times the square footage of the open unit) required the staff to adjust to new workflows. This transition presented some initial difficulty, especially with the simultaneous implementation of some of the improvements. We anticipated that the 2 caregivers to turn model would be the most difficult to implement, but staff were able to adapt. Survey results demonstrated to our process improvement team that the culture did not support the perception that unplanned extubations were always an unpreventable event. The majority of respiratory and nursing staff reported that at least some of the unplanned extubations were preventable. The free text portion of the survey provided a number of comments from staff stating how the events affected them on a personal and professional level. Overall, the results displayed a desire by staff to improve the safety of the care provided to their patients. During this define and measure portion of our project, staff voiced concerns that they perceived unplanned extubations occurred more frequently with larger infants and when staffing levels were not appropriate. Data from the analysis phase showed no statistical difference in patient weight, a surrogate for size, which did not support their perceptions. Additionally, staffing was at the planned level when unplanned extubations occurred. When this information was relayed to staff, the educators reviewed the physiological and environmental factors contributing to unplanned extubations that the improvements targeted. These factors were similar to those identified in the literature and were aligned with countermeasures implemented during our improve phase of the PDSA project. In a comprehensive review, Silva et al 2 reported that risk factors for unplanned extubations included restlessness/agitation (13-89%), poorly fixated ETT (8.5-31%), ETT manipulation (17-30%), and performance of bedside procedures (27.5-51%). Veldman et al 10 reported unplanned extubations occurred most frequently when fixation of the ETT was difficult, handling of the infant by nursing staff or during care or with active infants in whom dislocation of the ETT occurred without external manipulations.
Lean and Six Sigma principles were used in this process improvement initiative to engage those who perform beside care to identify and correct defects. An ease impact chart allowed staff to identify the quick wins or opportunities that would make an impact without significant investment in resources and time. Similar to reports in the literature, 11 the use of this lean tool further engaged participants in the change.
The data collection period was significantly longer for the pre-improvement group. The acuity of the NICU influenced the number of intubated days. There were periods where admissions of premature infants requiring intubation and mechanical ventilation were low. Rather than using raw numbers, we controlled for this variance by comparing the rate of unplanned extubations using the formula: number of unplanned extubations/100 intubated days. Therefore, the proportion of intubated days was identical for both the pre-and the post-improvement groups. The difference in the data collection periods was attributed to the variance in volume and patient acuity in our NICU.
Two improvements evidenced the most change: ETT assessment for growth and addressing ETT migration. Routine chest radiographs to assess ETT placement are no longer a practice in our NICU. The literature reports risks associated with radiation exposure in the neonatal period, 12-14 which influenced our practice in the NICU. Rather than obtain a chest radiograph daily to assess ETT position, chest radiographs are only obtained when a clinical indication, such as verification of central line placement or clinical deterioration, exists. Since chest radiography was conducted only when needed, the improvement team recognized the value of standardizing practice and positioning the infant to also facilitate ETT evaluation. Changes in practice, specifically RTs holding the head of the intubated infant midline for any portable radiologic study, were implemented. This improvement enabled the team to evaluate ETT position in addition to using the image to evaluate the condition for which it was ordered.
During the analysis phase, we found that the relationship between patient growth and the need to reposition the ETT was not being routinely addressed by the clinical team. Knowledge gaps may have contributed to the inability of the nursing and respiratory staff to appreciate the importance of assessing growth and its relationship to ETT malposition. Our focus on discussing ETT position in relation to growth weekly during patient family-centered rounds resulted in improved awareness of this concept and a structured process to identify and correct ETT malposition.
The timing of patient assessments, specifically simultaneous RT and RN assessments, allowed ETT securement and position to be evaluated. This bedside team investigated and addressed small changes, often only one quarter cm, in the movement of the ETT and problems with the adhesiveness of the tape. Collaboration between RTs and RNs not only identified potential causes for an unplanned extubation but provided sufficient staff at the bedside to correct the defect. Through a process of coordinating care, we were able to avoid unintentional movement of the ETT.
Data collected in the pre-improvement phase showed that a significant number of subjects with unplanned extubations were not re-intubated. During this phase of the study, there were also a higher number of intubated days and a lower number of noninvasive days. When subject demographics were analyzed, no appreciable differences in the pre-and post-improvement groups were detected. However, the number of orders, in the electronic health record, to wean from invasive support increased in the post-improvement group. We suspect that in the post-improvement phase, there was an increased use of noninvasive ventilation, which was influenced by earlier extubation.
In our current practice, we investigate all of our unplanned extubations and provide closed-loop feedback to staff. Each time an unplanned extubation occurs, a thorough chart review is conducted, and information obtained is reviewed with staff. Staff identifies the defects as well as improvements to help us to prevent further unplanned extubations. The review is done in a non-punitive manner. A cumulative report of unplanned extubations are reviewed at the interdisciplinary performance improvement meetings monthly. Continuous review and closed-loop feedback to staff identify deviations from standard practice and increase staff awareness of the importance of adhering to the aforementioned practice changes. Reviewing our progress toward our goal of 1 unplanned extubation/ 100 intubated days also helps to change the culture in the NICU to a high-reliability learning culture and one that embraces opportunities to enhance patient safety.
The use of a PDSA process allowed our NICU care team to implement better practices or process changes. Similar to published reports in the literature, 3,4,15 we were able to reduce unplanned extubations in our NICU through staff education and the implementation of standard practices of care.
There were a number of limitations to this study. The data were retrospectively collected in the pre-improvement phase, and the cause(s) leading to unplanned extubation could not always be identified. There may have been more than one contributing factor to the unplanned extubation, which, due to data collection limitations, could not be identified. For example, a note in the patient medical record might identify that formula was seen in the ETT, which prompted extubation and evaluation for the need to re-intubate or support the infant on either noninvasive ventilation or oxygen therapy. However, this patient may have been turned by a single caregiver, without assistance before the event, but never documented. Rather than reviewing all unplanned extubations, a random sample of unplanned extubation events were selected for this study. This presents a potential limitation in that all possible opportunities and evaluation of process improvements could not be identified.
As a result, our data collection tool and process for reviewing unplanned extubation events have changed. Our tool is very prescriptive and is completed by all members of the direct care team involved in the care of the child at the time of the unplanned extubation. Multidisciplinary review of the event and completion of our unplanned extubation tool must now occur within 12 h of the event.
Reliance on staff self-reporting unplanned extubation occurrences in our safety reporting system was also a limitation. To gather reliable data, redundant processes are needed to minimize the propensity of not accurately capturing all events. In addition to our data collection tool, described above, we are currently in the process of revising our electronic health record to capture unplanned extubation events.
Conclusions
Staff underestimated the prevalence of unplanned extubations but recognized the need for improvement. Personal accountability enhanced engagement with the improvement process. Rapidcycle PDSA improved patient safety by significantly reducing the unplanned extubation rate in the NICU. The concomitant decrease in the number of intubated days may have been a by-product of the post-improvement phase improvements, which encouraged practice changes. Improvement work takes a great deal of diligence and commitment to institute and may be even more difficult to maintain over time.
